Background: Data from the general surgery literature suggests that patient morphometric data obtained from preoperative imaging may help predict a patient's risk around surgery. Objectives: In this context, we evaluated for associations between psoas muscle area and short-term convalescence following radical cystectomy. Methods: After identifying patients who underwent radical cystectomy at our institution (2008 to 2013), we calculated their psoas muscle area from staging computed tomography scans using established analytic morphomic techniques. We then determined early recovery among patients with high and low psoas muscle area using the validated Convalescence and Recovery Evaluation (CARE) questionnaire-a 27-item survey, divided into four domains (activity, cognitive, gastrointestinal, and pain recovery). Finally, we assessed the relationship between psoas muscle area and changes in CARE scores with nested linear regression models. Results: Among the 86 men and among 31 women in our cohort, the median total psoas muscle area was 2,544 mm 2 and 1,511 mm 2 , respectively (P < 0.001 for the comparison). While there was no association between psoas muscle area and recovery in men, women with higher (versus lower) total psoas muscle area had smaller decreases in their pain scores postoperatively and a quicker return to their baseline level (P = 0.05). Activity scores also approached baseline levels faster among women with higher psoas muscle area, although this finding did not reach statistical significance. Conclusions: Psoas muscle area is potentially an important preoperative predictor of recovery for women undergoing radical cystectomy. More broadly speaking, analytic morphomics may represent a novel approach to better understand perioperative risk.
INTRODUCTION
For patients with muscle invasive-bladder cancer, radical cystectomy is often considered first-line treatment. This is a formidable operation, and even in expert hands, it is associated with substantial perioperative morbidity and mortality [1] . Therefore, when selecting patients upon whom to operate, urologists must balance the indications for cystectomy with their perception of the patient's ability to recover from it.
While several risk stratifications tools exist [e.g., the American Society of Anesthesiologists (ASA) Physical Status classification, Eastern Cooperative Oncology Group Scale of Performance Status], many are subjective in nature, leading to considerable inter-rater disagreement [2] . Moreover, they typically evaluate one portion of the patient's operative risk [3, 4] . As such, much of a urologist's clinical decision making relies on "clinical gestalt." Thus, better objective measures of perioperative risk are needed. Emerging data from the general surgery literature suggests that patient morphometric characteristics gleaned from preoperative imaging (i.e., analytical morphomics) may fill this need [5, 6, 7, 8] .
In this context, we performed a retrospective cohort study using data from our institution's bladder cancer database. Among patients with muscle-invasive bladder cancer who underwent radical cystectomy, we assessed core muscle size from their preoperative staging computed tomography (CT) scans. We correlated these measures with patients' postoperative convalescence assessed with a psychometrically robust questionnaire.
METHODS

Data sources and study population
For our study, we used a prospectively maintained bladder cancer database to identify all patients who underwent radical cystectomy at our institution between 2008 and 2013 (n = 1,623). A subset were consented to participate in a separate study, assessing patient-reported recovery after surgery (n = 154). The clinicopathological data from these patients were linked to their responses from a series of regularly timed pre-and postoperative questionnaires. Among this subset, 117 had their preoperative staging CT scans completed in our health system, which allowed us to make the morphometric measurements described below.
Exposure
Analytic morphomics refers to using crosssectional imaging studies not only for the assessment of the specific pathology of interest, but also for a more global assessment of the patient. There is a growing body of literature, suggesting that morphometric data obtained from these studies can help predict surgical outcomes [5] [6] [7] [8] [9] [10] [11] [12] . One of the more commonly used measurements is that of psoas muscle area, which we calculated by identifying the cross-sectional area and density of the right and left psoas muscle at the level of the fourth lumbar vertebra. We also measured the average density (in Hounsfield Units) of the psoas muscle within these regions, which we then used to determine the total cross-sectional area excluding fatty infiltration (i.e., lean core muscle size). We completed these steps in a semi-automated fashion using previously established algorithms in MATLAB v 13.0 [5] .
Outcomes
Our outcome of interest was patient-reported early recovery after radical cystectomy, assessed by the Convalescence And Recovery Evaluation (CARE) questionnaire [13] . The CARE questionnaire consists of 27 items that are divided into four quality of life (QoL) domains: activity, cognitive, gastrointestinal symptoms, and pain. The domain scores range from 0 to 100. Higher scores correspond to a better health state. The domain scores can be combined to generate a total score. Prior empirical work has shown that the CARE questionnaire has good internal consistency and test-retest reliability. Patients in our study completed the CARE questionnaire preoperatively and at 2, 4 and 6 weeks post-operatively.
Statistical analysis
First, we assessed our exposure variable-total psoas muscle area-for normality using descriptive statistics and histograms. We determined the median area for each gender. We used this value to dichotomize our population into groups of low versus high psoas muscle area.
Next, we made bivariate comparisons between patients with low versus high psoas muscle area, stratifying by gender. Specifically, we compared patients according to their QoL domains, their age at the time of surgery, race/ethnicity, ASA score, receipt of neoadjuvant chemotherapy, pathological stage, and urinary diversion type. We used both parametric and non-parametric tests as appropriate.
Finally, we evaluated the relationship between preoperative psoas muscle area and changes in CARE scores. To account for gender differences and repeated measures, we fitted nested linear regression models. Our primary exposure was total psoas muscle area, nested within gender. We controlled for patient age and receipt of neoadjuvant chemotherapy. We performed our analyses using commercially available statistical software (SAS, version 9.1; SAS Institute, Inc.). All tests were twotailed, and the probability of Type 1 error was set at 0.05. Our study had institutional review board approval.
RESULTS
Among the 86 men and among 31 women who underwent radical cystectomy at our institution between 2008 and 2013, the median total psoas muscle area was 2,544 mm 2 and 1,511 mm 2 , respectively ( Fig. 1, P < 0 .001 for the comparison). For both men and women, patient demographic characteristics and disease severity measurements were similar between those with high and low psoas muscle area relative to the mean (Table 1 , all P > 0.05). However, crosssectional CT images taken at the level of the fourth lumbar vertebrae of two age-matched men from our cohort, one with high and the other low total psoas muscle area, show clear differences in morphometric measurements (Fig. 2) .
After adjusting for age and neoadjuvant chemotherapy receipt, there was no association between psoas muscle area and recovery across any CARE QoL domains in men. However, women with higher total psoas muscle area had smaller decreases in their pain scores postoperatively and a quicker return to their baseline level ( Fig. 3 , P = 0.05). Activity scores also approached baseline levels faster among women with higher psoas muscle area, although this finding did not reach statistical significance. Our results persisted on sensitivity analyses where we examined the relationship between lean psoas muscle area and psoas muscle density and postoperative recovery in women, as well.
DISCUSSION
We found that core muscle size, as measured by total psoas muscle area, predicts pain recovery in women following radical cystectomy. These effects were independent of important preoperative patient characteristics, including age and receipt of neoadjuvant chemotherapy. In clearer terms, patients with low total psoas muscle area are not just older people with worse bladder cancer at baseline. Collectively, these Fig. 1 . Histograms of psoas muscle area and lean psoas muscle area in males & females. Total psoas muscle area in men on average was greater than women. The total psoas muscle area range in men was 1000-4200 mm 2 , while in women the total psoas muscle area range was 800 to 2200 mm 2 . Fig. 2 . Variation in morphometric characteristics seen on pre-operative CT scan in two age-matched males of similar size, with similar comorbid conditions. CT on the left demonstrating high psoas muscle area, CT on the right demonstrating low psoas muscle area, both with respect to the mean.
findings suggest that analytic morphomics may be a useful and objective metric for understanding convalescence after radical cystectomy, at least among women.
Our study contributes to the growing body of literature on the utility of analytic morphomics in forecasting perioperative risk. Specifically, numerous studies have shown that quantitative measures of body composition can be used to predict morbidity and mortality among general surgical, vascular, and transplant patients [7, 9, 10, 11, 14] . While our findings were robust among women, no differences in postoperative convalescence were observed between men with high versus low core muscle size. Similar gender-based findings have been shown with other morphomic measures, including abdominal Fig. 3 . Changes in CARE Scores from baseline after bladder surgery among women with high and low psoas muscle area. Women with higher psoas muscle area had smaller changes in their baseline pain score and activity score compared to women with low psoas muscle area. The change in baseline pain score was statistically significant after controlling for patient age and neoadjuvant chemotherapy receipt.
adiposity. Mualla and colleagues found that visceral fat area predicted surgical complications among women but not men [15] . The reason for this observation is unclear, and it must be corroborated in follow-up studies.
Our study must be considered in the context of several limitations. First, our study was based on a relatively small sample of patients cared for at a single hospital, and future work is necessary to validate our findings in broader populations. Second, given our study's observational design, we cannot attribute causality between total psoas muscle area and postoperative convalescence in women. Third, there are numerous other morphometric measures that are captured on staging CT scans. While we focused on total psoas muscle area, we must acknowledge that these other measures may also serve as useful markers of perioperative risk.
Limitations notwithstanding, our data suggest that total psoas muscle area (and analytic morphomics more broadly) may serve as a useful objective risk stratification tool for women undergoing radical cystectomy. Urologists could use information that is routinely collected in the preoperative period to assess a patient's fitness for surgery. For those patients deemed to be at high-risk for prolonged or complicated recovery, their provider could consider referral to a surgical health and optimization program to help prepare them for surgery.
CONCLUSIONS
In summary, our study suggests the possible benefit of morphomic data for predicting recovery in women undergoing radical cystectomy. Such information could potentially be used to help inform upfront clinical decision-making and counsel patients. Future prospective studies are needed to quantify the added value of analytic morphomics over other risk stratification tools.
